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ABSTRACT 


A dye partition technique was employed to estimate 
quantitatively some medicinally important quaternary ammon- 
ium compounds. Methyl orange, bromthymol blue and Orange IV 
were used as complexing dyes for the quaternary ammonium 
agents. The complex formed was measured colourmetrically. 

Linear relationships between concentration and absorb- 
ance were obtained for the majority of quaternary ammonium 
substances investigated. Using the calibration curves 
obtained a quantitative procedure was developed for pharma- 
ceutical dosage forms. Satisfactory results were obtained 
in the majority of dosage forms investigated. The tablet 
excipients which were studied had negligible effectson the 
procedure. The results obtained with this method were comp- 
ared to the results by an official procedure or the manufac- 
turer's method, where this was possible. 

The theoretical aspects of this procedure are dis- 


cussed. 
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Interest in the biological activity of quaternary 
ammonium salts stems from the work of Crum Brown and Fraser 
(1), who in 1868 were the first to record the curariform 
BCEINTEVsOL Gertain alkaloids. Shen ever ammonium compounds 
emerged into greater importance in 1916 when Jacobs ety al 
(2-4) discovered the germicidal activity of the hexamethyl- 
enetetramine series. The most important contribution was 
made simultaneously by Barlow and Ing (5), and by eneete and 
Zaimis (6) in 1948. They discovered the neuromuscular and 
ganglionic blocking activity of the polymethylenebistri- 
methyl ammonium salts. Quaternary ammonium compounds have 
found clinical value as antispasmodic and antisecretory 
agents in the treatment of various irritant gastric conditions. 
More recently quaternary ammonium compounds have also been 
found to be antifungal. 

The compounds presently available which were used in 
this study are: 


1) Ambenonium Chloride (Mytelase) 


N,N'-Bis(2-diethylaminoethyl) oxamide bis(2-chlorobenzyl 


Chloride). 
Ge 
Ory ele uaeseocomencgfets 2G ies 
Sees 0 See nS 


Oey. weight - 608.5 
Pharmacological action - cholinesterase inhibitor. 

2) Benzethonium Chloride (Phemerol Chloride) 
Benzyldimethyl {2-[2-(p-1,1,3,3-tetramethylbutyl phenoxy) 


ethoxy] -ethyl}ammonium chloride. 
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cl-t-cy 6-4 -ociicocucus tc, { oie 1,0 
CH, CH. CH3 

Molecular weight - 466.09 

Pharmacological action - topical antiseptic 


Bethanecol Chloride (Urecholine Cnloriae) 


(2-hydroxypropyl) trimethylammonium chloride carbamate. 
: ae 
mec s2y cs 3 
OCONH. 


Molecular weight - 196.68 
Pharmacological action - cholinergic agent. 
Cetylpyridinium Chloride (Cepacol Chloride) 
l-hexadecylpyridinium chloride. 
TAS. oi : 
Molecular weight - 357.99 
Pharmacological action - antiseptic. 
Chlorisondamine Chloride (Ecolid Chloride) 
4,5,6,7-tetrachloro-2-(2-dimethylaminoethyl1) -2-methyl- 
isoindolinium chloride methochloride. 
Cl iis uc Es 
N-CH,CH.N(CH3) 3 2c17 
oe Cl = 
Molecular weight - 429.07 


Pharmacological action - ganglionic blocking agent. 
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6) 


7) 


Demecarium Bromide (Humorsol) 
N,N'-bis (3-trimethylammoniumphenoxycarbonyl)-N,N'-di- 
methyldecamethylenediamine dibromide. 


+ 
N(CH3) 3 N(CH) 3 


CH3 
| Z2Br” 
~OCON (CH, 4 jNCOO 


Molecular iwergqhto-0716.61 
Pharmacological action - parasympathomimetic agent. 
Domiphen Bromide (Bradosol Bromide) 


Dodecyldimethyl (2-phenoxyethyl) ammonium bromide. 


Cx ou N- (cays 


5 Bro 
3 
Molecular weight - 414.46 
Pharmacological action - antiseptic. 


Echothiophate Iodide (Phospholine Iodide) 
(2-Mercaptoethyl trimethylammonium iodide) 0,0-diethyl 
phosphorothioate. 


CAEHZORO 


NT 
12 SCH,CH,N (CH) 3 I 


yl 
CoHEO 

Molecular weight - 383.223 

Pharmacological action - a cholinesterase inhibitor 


in glaucoma therapy. 
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9) Edrophonium Bromide (Tensilon) 


Ethyl (m-hydroxyphenyl) dimethylammonium bromide. 
aS 
CH3-N-CH, 
oo Bre 
S OH 


Molecular weight - 246.15 


Pharmacological action - parasympathomimetic agent. 
10) Hexocyclium Methosulfate (Tral) 
N- (8-Cyclohexy1-8-hydroxy-8-phenethyl) -N'-methyl 


piperazine methosulfate. 


OH 4 
ee. | / \t_ CH 
-C-CH,-N N - 
| WSS 
ZA 


Molecular weight - 428.61 


Pharmacological action - parasympatholytic agent. 


Mijyeisopropamide Iodide —- (Darbid) 


(3-carbamoyl1-3,3-diphenylpropyl)diisopropyl methyl 


ammonium iodide. 


CH 
2 

aS aes 
| CHCH., 

ZA +| 7 

HoNCO-CCHoCHSN-CH3 uF 

| a CHCH. 

— | 


CH. 
Molecular weight - 480.42 


Pharmacological action - parasympatholytic agent. 
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12) Mepenzolate Bromide (Cantil) 


N-methyl-3-piperidyl benzilate methyl bromide 
hice CH3 CH3 
\  // OH Ww 
| 


\ YS 


Molecular weight - 420.37 
Pharmacological, action — anticholinergic agent. 
13) Methantheline Bromide (Banthine Bromide) 
Diethyl (2-hydroxyethyl)methylammonium bromide xanthene- 


9-carboxy late. 


a 
3 


COOCH,, CH SN(CoE 


Binscnb. 


Molecular weight - 420.34 
Pharmacological action - parasympatholytic agent. 
14) eee ronian Bromide (Antreny1) 
Diethyl (2-hydroxyethyl)methylammonium a-phenylcyclo- 


hexane glycolate bromide. 


C., 


24 0H 
\ fp -C-COOCH, CH tes Bré 
Zio, (aes 


eS 
Molecular weight - 428.41 


Pharmacological action - anticholinergic agent. 
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15) Penthienate Bromide (Monodral Bromide) 
Diethyl (2-hydroxyethyl) methylammonium bromide, 


cyclopentyl-2 thiophene glycolate. 


CH 
ee +i 3 i 
| etter 20 2255 eye 
tl OH CH, 
Molecular weight - 420.41 
Pharmacological action - anticholinergic agent. 


DG) eweneeriniwn bartnace -(Anso lysen“Tartrate) 


1,1'-Pentamethylene bis (l-methylpyrrolidinium hydrogen 


+ 
| NCH, CH,CH,CH.CH.,-N | a 
\ v PAC she 8) 


CH, CH, 


tartrate) 


Mote cuilai ewe poh tt 4285 3:8 55.8 
Pharmacological action,-—, ganglionic ‘blocking agent. 
17.) Pipenzolate Bromide (Piptal) 


l-Ethyl-3-hydroxy-1 methylpiperidinium bromide benzilate. 


ae ous 
N 
” 
ola 


Co eNe Bis 
CéHS5 
Molecular weight - 434.39 


Pharmacological saction .— anticholinergic, agent. 
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18) Propantheline bromide (Pro-Banthine) 


(2-Hydroxyethyl) diisopropyl methylammonium bromide 
xanthene-9-carboxylate. 


+ CH(CH 


) 
COO0-CH,CH,N 32 


OES - 
a) 


Molecular weight - 448.42 
Pharmacological action - anticholinergic agent. 
19) Pyridostigmine bromide (Mestinon bromide) 


3-Hydroxy-l1-methylpyridinium bromide dimethyl carbamate. 


CH 
T+ 
ines f 


xe 


5 


OCON (CH) 5 

Molecular weight - 261.14 

Pharmacological action - parasympathomimetic agent. 
20) Trimethidinium methosulfate (Ostensin) 


N- (§-trimethylammonium propyl)-N-methylcamphidinium 











dimethylsulfate. 
i. 
hee eae | 
SAGO CEE NUE) AERO, 
foe a oy, 3 
H 


Molecular weight - 490.67 


Pharmacological action - ganglionic blocking agent. 












| {..%4 dc + 
“ ~ 
| vi ~ 
™ § +4 i~ + 
; nee wD ra 
; = 
: Lx 
= 
- 
i - tripiew teluveilom 
Moekiuvs > ~Twisras feos polosemsadt i 


(sbi uarvd nroaidg2e™) sbanert ostiopiveckizye (eb 


ginsciza> Iydteqil sbimmsd mini biayedyite lye 


_— + 
— a] 
f 
( 5 
ts 
a 


i2pS sivysamisiocnssnnvastaqd — oles fanz polonanpentt 
10) Siativration mini bintemkst (os 


esoiludtam--(ivgota me@liacammet yAgemi sso) aE —_ 7 


the oat Ces @ Obey 
» 


. waetlvelyizemis 


f , re 
| ~ 


~ | 
£2) ——— FD 


i 
; 
gS (HD) HigltDe ae ety gto-3- “ | 


oo 






















°« 


21) Valethamate bromide (Murel) 
3-methy1l-2-phenylvaleric acid diethyl (3-hydroxyethy1) 


methammonium bromide ester. 


ome Sedaaied 


we CH, 
Coach CHsCHCOOCH-~CH IN 1 y 
Baas ey O52 Sa EN 
-}- 
Molecular weight - 386.38 
Pharmacological action - antispasmodic, anticholinergic. 


The quantitative analysis of quaternary ammonium com- 
pounds began about 1938 when Prudhomme (7) discovered that 
alkaloids form chloroform soluble complexes with acid indi- 
Cators such as eosin. The absorbance of the chloroform 
solution was found to be quantitative. Auerbach (8), in 
1943 described a method in which buffered solutions of quat- 
ernary ammonium compounds were complexed with bromphenol 
blue, and the complex extracted with ethylene dichloride. In 
1947, Colichman (9) applied the indicator displacement effect 
to the direct photometric determination of two surface active 
agents by using an excess of bromphenol blue, and measuring 
the colour of the aqueous solution. Ballard, Isaacs and 
Scott (10) determined several quaternary ammonium compounds 
which included pentolinium tartrate, decamethonium bromide 
and hexamethonium bromide. In their method the compound was 
complexed with bromthymol blue and extracted with chloroform. 
The chloroform was filtered through glass wool into a sol- 


ution, containing, boric acid in ethanol. «Thevextinction’ of 
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this solution was measured against a chloroform blank at 420 
mu. They obtained linear calibration curves but their study 
was not extended to pharmaceutical dosage forms. 

Two photometric methods were presented by Helgren, 
Theivagt and Campbell (11), in 1954 for the analysis of hexo- 
cyclium methosulfate. Bromthymol blue was used as the colour 
producing agent in one instance and ammonium CoObaltotiie— 
cyanate was used In the other.” Reiss (12), presented a method 
in which the quaternary ammonium compounds were converted to 
iodides by potassium iodide. The iodide was oxidized by 
nitrous acid to iodine which was estimated colovrimetrically. 

Santoro (13), in 1960, selectively determined iso- 
propamide iodide in the presence of amine bases. In this 
method the substance was complexed with methyl orange in 
pH 10.2 buffer and the complex extracted into chloroform. 
Re-extraction of the chloroform solution gave a colour in the 
aqueous layer which was measured spectrophotometrically. 

The most intensive work in this field has been by 
Schill and his co-workers. They have published a series of 
papers on the photometric determination of amines and quater- 
nary ammonium compounds with bromthymol blue (14-16). Papers 
have also been published on the determination of quaternary 
ammonium compounds with hexanitrodiphenylamine (17) and by 
their picrates (18). These methods were, however, non-spec— 
ific because amines would complex under the same conditions. 

Deppeler and Becker (19), in 1964, investigated the 


use of dithizone as a complexing reagent for the analysis of 









—_——_ 


~~ : a 

; =e 
» = >. = * Thien a e 
OCS tc Yowid-mecie@yolts > t2AteGs Bo aecsew SEW notddtoe Bt 

7 = 
* ‘ ° 5 2 -* . bd - » > 7 7 
yiuis «fedi ‘yd aa¢dio uarsesdi las swcenil Gemieiado Yaar 
atria? syacok Isolsentensedea oF Gebaadxe Gore 


("si1plek yd hetmsestg aiew ehediam siedsaadate ov? 
\ he m0 
-wunt! fc edeylsens oft 173 28 wt . (24) Diotewsd tae Seay 


- ; 


teefoo edt 26 Aseo aew sult foowsemord _. ate eaodsen meee 


as 


sonzam 6 -bevosesexq , (Sf) episi ~.usdeo etd af Sete aay St ENS YO. a 
| | 
- 7 : 
oF DasietTros ste shich¢moo' srt ocmme YuRivelerp Bie Ae =] 
- | | -‘, 
se TE rer obi aif Lai misessoq yd eeBEbek 

NE lLsos zi sear yw! basanites erw dol extEot ef Bios Seana 

ae 


ei Renimustes ylevisestée ,Oetl ui , (ED) oxodiaa 7 23 


o “a 7 a. Y ’ Pn =" - e > « a Oa | 
cH tk. esaed ert iscorg sdt mt obitel ebiaageaa 
F , 


7 


siigd &.0Z Hey one 


eté6ic iyitain iviw bexcloshs dew ocantsSedie sat Gondeu 


J 
‘ 
| 
¢ 
} 
' 
+ 
’ 
a 
~ 
e 
Aa 
~~ 
3 
o 
2 
Ned 
gue 
— 
~ 
+7) 
ee 


imosoD> = arsp acitulo® rrato if 503 to noltosusxe-3m rr 







‘Ytssotsomorciyosiseqe bowvdaem asw doiiw teyel eae 
7 A - E40 


Vtusosd eat Flas? sid¢ ni #icw s22eredal secon ot? : ‘a 
+ 


= _ + : 

» 5S SIDS é ae o «i 2 | tt ote | ) ‘ 2 «7 wf ye ; > A. i _ 

2 lericun sven yoilT .evedtsol-<op aid Bas iitdea@ 
itt 


hae 
>. Gleam! 


of? 


=292800 DAG SSNs to woilscltorrstsh ofivemoiouwg sig aglpm 











PEE  ABIEEEY aid Lometamexd. st kee gpieitogzds mmkempe ee 
oe to neidetinicieb sks ao fetieilide, aesd 


> os 7 
. - 
ui 
s 
7 










10 


quaternary ammonium compounds. Chin and Lach (20) presented 
a method based on the reaction GEeDICEIC acidywith therquar— 
ernary ammonium compound in alkaline medium to form a col- 
oured complex which was measured spectrophotometrically after 
extraction with chloroform. However, their study was limited 
to only a few quaternary ammonium compounds. 

In a more recent investigation, Irving and Markham (21) 
utilized bromocresol green as a complexing agent in analyzing 
longchain tertiary alkylamines and quaternary ammonium salts 
(tri-n-octylamine and tetra-n-hexylammonium iodide). This 
method suffers from the disadvantage of having a blank which 
depended both on the pH and on the concentration of the excess 
reagent. 

Ultraviolet spectroscopy has also been used for the 
analysis of certain quaternary ammonium compounds. Pernarowski 
and Chatten (22) determined four germicidal compounds and 
their dosage forms by ultraviolet spectroscopy. Kracmar and 
Zyka (23),employed this technique in.1961 for the estimation 
of methantheline and propantheline and their dosage forms. 
They obtained satisfactory results in all instances except 
£Ou pthiewdiuplex coated stables. In 1968, Varcel (24) devised 
a mathematical equation which would eliminate interferences 
from excipients in coated tablets. 

Chafetz (25) used ultraviolet spectroscopy for the 
estimation of penthienate bromide. In this method the sub- 
stance was oxidized with periodic acid or ceric sulfate which 


greatly increases their sensitivity inetheultraviplet megion. 
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The B.P. (26) employs ultraviolet spectroscopy for 
Pbiemacce, sOn, Ovridostigmine tablets, and the U.S.P. XVII (27) 
Utalazes tne same principle for edrophonium injection. The 
Note Lien coymacccribes an ultraviolet procedure for pen- 
thienate bromide. Although the ultraviolet method is very 
sensitive and rapid, interferences result from the excipients 
in certain dosage forms. 

Several volumetric methods have been employed for the 
analysis of certain quaternary ammonium compounds. Pifer and 
Wollish (29) in 1952, titrated quaternary ammonium compounds 
in non-aqueous solvent with perchloric acid in dioxane. The 
titration could be carried out potentiometrically, or visually 
using crystal violet indicator. Caswell (30) presented a 
method in which the halogen anion could be titrated with sil- 
ver nitrate either electrometrically or visually using 
dichlorofluorescein indicator. Carkhuff and Boyd (31), in 
1954 assayed cetylpyridinium chloride by Catreting eLeawaciy 
sodium lauryl sulfate, using methyl yellow as the tndaACcacor. 

An official procedure for benzethonium is described 
PPL Hcet rex 11) (29) sfhis method issa two phase titration 
which employs sodium tetraphenylboron as titrant and brom- 
phenol blue as the indicator. Chloroform is used as the 
organic phase. A similar procedure was proposed by Billow 
and Baker (32) for benzethonium, but the titration was carried 
out in a, one phase system. 

Tn L96L, Hefferen and Dietz (33) proposed a potentio- 


metric method for the analysis of benzethonium. In this 
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by 


method the substance was reacted with potassium ferricyanide 
and the excess reagent was titrated with Silver nitrate. 
Weiner and Felmeister (34) recently analysed cetylpyridium 
chloride by thermometric titration. The endpoint was detected 
by the enthalpy change which results when the compound is 
reacted with Orange I. 

An ion exchange method for methantheline and Dropan— 
theline was presented Dyskracmar and Zyka (35)). They 
utilized a columnof Amberlite IRA-400 which gave them the 
free base of the compound, which was subsequently estimated 
by residual titration. 

A gravimetric method for pentolinium tartrate involv- 
ing the formation of the reineckate derivative is described 


Pee iee oe (26), 
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Quaternary ammonium compounds today constitute the 
active ingredient in a wide variety of pharmaceutical 
products. They are pharmacologically active as antiseptics, 
antifungals, cholinergics, anticholinergics, antispasmodics 
and antihypertensives. Despite the importance of these 
compounds a general method for their quantitative analysis 
Seng yet available. | 

Although several methods have beem employed in the 
analysis of these substances, disadvantages were found to 
exist in all of them. The ultraviolet method is sensitive 
and rapid, however, interferences from tablet excipients 
occur in many instances. Volumetric methods have been em- 
ployed but they require large samples and cannot be applied 
to many dosage forms. The gravimetric method also reguired 
large samples and is very time consuming. 

Tt was the purpose of this investigation, therefore, 
to develop a sensitive and rapid method of analysis which 
could be applied to a large number of dosage forms whose active 
ingredient contains the quaternary ammonium functional group. 

A colourimetric method which involves complexation of the 
medicinal agents with various acid dyes was selected as a 


possible solution to the problem. 
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Apparatus 

Beckman Model B Spectrophotometer, Beckman Model DB 
Spectrophotometer, Beckman Zeromatic II, Mettler Gramatic 
Balance, Sargent Magnetic Stirrer and conventional laboratory 


glassware. 


Chemicals and Reagents 

The following is a list of all the chemicals used in 
the investigation: chloroform, methylene ehlomide, diacval 
acetic acid, ether, hydrochloric acid, potassium chloride, 
potassium biphthalate, sodium hydroxide, potassium phosphate 
and boric acid. All of the above chemicals were of A.C.S. 
reagent grade. 

The following is a list of the reagents used: 
0.0001N. methyl orange, 0.0001N. Orange LV, .Oe000 UN. Oranges tL, 
0.0001N. bromphenol blue, 0.0001N. bromthymol blue (the above 
dye solutions were buffered with Clark and Lubs phosphate 
buffers), 0.05N. perchloric acid in dioxane (standardized 
against potassium acid phthalate), 0.02N. sodium tetraphenyl- 
boron, 6% mercuric acetate, crystal violet Tndicatore(0 osu 
glacial acetic acid), methyl red indicator (OM US Binegiacra 
acetic acid) and bromphenol blue solution (1 in 2,000). 

The following is a list of the quaternary ammonium 
substances used in this investigation: 

1.  Ambenonium Chloride (Winthrop Laboratories) 
De Benzethonium Ghloride, (Parke; Davids eo CO wmarcd .)) 
3. Benthanecol Chloride (Merck, Sharp & Dohme of Canada Ltd.) 


4. Cetylpyridinium Chloride (The Wm. S. Merrell GG.) 


61 
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Chiiertsondamine Chloride (Ciba Companyvaruicde) 

Demecarium Bromide (Merck, Sharp & Dohme of Canada Ltd.) 
Domiphen Bromide (Ciba Company Ltd.) 

Echothiophate Iodide (Ayerst Laboratories) 

Edrophonium Bromide (Hoffman-LaRoche Ltd.) 

Hexocyclium Methosulfate (Abbott Laboratories Ltd.) 
Isopropamide Iodide (Smith, Kline & French) 

Mepenzolate Bromide (Lakeside Laboratories Ltd.) 
Methantheline Bromide (G.D. Searle & Co. of Canada Ltd.) 
Oxphenonium Bromide (Ciba Company Ltd.) 

Penthienate Bromide (Winthrop Laboratories) 

Pentolinium Tartrate (Poulenc Limited) 

Pipenzolate Bromide (Lakeside Laboratories) 
Propantheline Bromide (G.D. Searle & Co. of Canada Ltd.) 
Pyridostigmine Bromide (Hoffman-LaRoche Ltd.) 
Trimethidinium Methosulfate (John Wyeth & Brother (Can.) 


Valethamate Bromide (Ayerst Laboratories) 
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Procedures 


enna lysis Of Crystalline Quaternary Ammonium Materials 
All of the crystalline materials were assayed by non- 


aqueous titration. 


Procedure A 

Fifty to 100 mg. of the compound were accurately 
weighed into a 100 ml. beaker and dissolved in 25 ml. of 
glacial acetic acid with the aid of a magnetic stirrer. 
Receweunemaddi tion of 2 mi. mercuric acetate T.S., and 2 drops 
Greerystal violet indicator, the solution was titrated with 
0.05N. perchloric acid in dioxane to a blue endpoint. A 
blank titration was performed on the solvent system and the 
necessary corrections were made. 

The following compounds were analysed by this proce- 
dure: penthienate bromide, isopropamide iodide, mepenzolate 
bromide, pipenzolate bromide, demecarium bromide, bethanecol 


chloride and pentolinium tartrate. 


Procedure B 

Euety to 100 mg. of the, compound were accumatlely 
weighed into a 100 ml. beaker and dissolved in 25 ml. of 
chloroform. Mercuric acetate T.S. (2 ml.) and 2 drops of 
methyl red indicator were added and then titrated with 0.05N. 
perchloric acid in dioxane to a pink endpoint. A blank was 
performed on the solvent system and the appropriate correc-— 


tions were made. 





17 


The following compounds were analysed by this proce- 
dure: oxphenonium bromide, cetylpyridinium chloride, 
benzethonium chloride, methantheline bromide, propantheline 
bromide, domiphen bromide, hexocyclium methosulfate, pyrido- 


stigmine bromide and valethamate bromide. 


Procecure © 

Thaceprocesiuse 16 identical to procedure A except 
that methyl red was employed as the indicator instead of 
Crystal violet.  Edrophonium bromide was the only compound 


determined by this procedure. 


II. Selection of Complexing Agent 

A 0.0001N. solution was prepared from each dye and 
Dietereadtat spHevalues: of 6274,678 and LOS ekive millilitres 
of 0.0001N. benzethonium chloride were added to 10 ml. of 
theshut fered dye ssolution+in-a 250 ml. .separatony funnel. 
The complex was extracted with 10 ml. of chloroLoemeanda tive 
lower organic layer was drawn into a cuvette. The cuvettes 
were stoppered and absorbance measurements were taken for 120 


minutes at the optimum wavelength. 


III. Determination of Optimum Wavelength 

MN euitable volume of a 0.05 mg/ml. SOlULI Ons ORs 2S 
quaternary ammonium compound was addeda tool mle worteune 
0.0001N. solution of the complexing dye in a 250 ml. separa- 
tory funnel. Twenty-five millilitres of methylene chloride 


were added and the funnel was shaken vigorously for 1 minute. 
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The system was allowed to equilibrate for 10 minutes and the 
lower organic layer was drawn into a cuvette. Absorbance 
readings were taken over the visible range and the optimum 
‘wavelength determined. This wavelength was used for all 
subsequent determinations of that particular comical under 


the same conditions. 
LVe Calibration Curves 


General Procedure 

Fifty milligrams of the quaternary ammonium compound 
were accurately weighed into a 100 ml. volumetric flask and 
dissolved in distilled water. This was made up to volume 
Witndistml Ledewater andvl0cml ssofothidstsolution was tdtluted 
FomuoOemle tomproduce a 0)}05emgqt/ml = asolutione 

To five, 250 miseseparatory sfunnels;)eachicontaining 
hOmueseonea OF 000IN. solutiontoflthe dyejiwere addedel,2,38y74 
aise ieeonythes.05 moe/miwesolutiontole the quaternary 
ammonium compound. Sufficient distilled water was added to 
make the aqueous volume constant in each separatory funnel. 
Twenty-five millilitres of methylene chloride were then added 
from a 50 ml. burette. The separatory funnel was shaken 
vigorously for 1 minute and the system allowed to equilibrate 
for 10 minutes. The inside of the funnel stem was wiped clean 
with absorbant paper. The organic phase was then drawn into 
a cuvette and the absorbance was measured at the optimum wave- 
length, using a methylene Chioride blank ogetThe procedure twas 


repeated’ 5 times and the calibration curve was constucted 
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From Ehe- average. 


Procediuce A 

The general procedure was employed with methyl orange 
Gioia sO ‘as the seas This procedure was used for 
the following compounds: benzethonium chloride, cetylpyrid- 
inium chloride, domiphen bromide, hexocyclium methosulfate, 
isopropamide iodide, methantheline bromide, oxyphenonium 
bromide and propantheline bromide. For cetylpyridinium chlor- 
ide and propantheline bromide only 20 ml. of methylene chloride 


was used to extract the complex. 


Berocedure Bb 

This procedure, which employed Orange IV as the 
complexing agent, was followed for the calibration curves of 
ambenonium chloride, demecarium bromide, penthienate bromide, 
pipenzolate bromide, and mepenzolate bromide. The technique 
was basically that of the general procedure With slrgitemod i 
fications. The general procedure was followed directly eter 
mepenzolate and pipenzolate. For ambenonium the complexing 
dye was 20 ml. of Orange IV at pH 6. 0e8 The cou bration 
time, however, was 30 minutes and the organic phase was drawn 
into a 25 ml. volumetric flask and the contents shaken. A 
portion of this was added to a cuvette and the absorbance 
was measured at 410 mp. 

Demecarium required a 20 minute equilibration time 
and also 10 Petes to stabilize the colour in the cuvette 


before absorbance measurements could be taken. The general 


















vf 
4S qyiiies Par Whe DoTd lemon op ot 
s <n? \.eyb gcixelquo> oft as 0.8 Bas 
' > ; ‘ : © r te: ae 
E ; (Fs @ :2himegnoo eniwol lot emia 


i 
al 


TG t mgt Logoosed | attierd) neti ero. ,obfroida us Eek 
ciasdionw ,@bibot obimeqouqowhie 

DEaTs - naw J an. . Solis” of Loris necqo 3g Bris sbimord | 
£4 > sing GX ic Fs eae (iedsnscoz Brig ohEe 


oo ocl-Josi¢es of Beso eee 


if SeweLs W etubo vere isisisp efit .ancieegeees 

. 
mt ah aieS. tay Forte & jet s+ S9RLOR LOT bis. atafouas@ 
5 tatee--epS wnt .¢.0 Hq 25. VE aenex0 to’. in oS eaw 


EMGie) EMV. terulQ Dtea0xs 347 bas 2aianim Of esw fovawod 







i spoputacte BMiasies sis tes fesli s2xtenml ov, hares. 5 


= 





20 


procedure was followed for penthienate with the only modif- 
ication being a 15 minute allowance for colour development 


before the absorbance was measured. 


Procedure C 


The general procedure was employed with 20 ml. of 
Dromctiymoly blue at ph 7.0.as the complexing agent. This 
procedure was employed for the following compounds: echo- 
thiophate iodide, edrophonium bromide, pentolinium tartrate, 


pyridostigmine bromide and trimethidinium methosulfate. 
V. Analysis of Pharmaceutical Dosage Forms 


Dpmoetera s Procedure tor feblets 

Ten tablets were weighed and finely powdered. A 
sample of powder equivalent to 5 mg. of the quaternary ammon-~ 
ium compound was weighed into a 150 ml. beaker and stirred 
magnetically for 15 minutes with 40 ml. distilled water. 
Meee aie ton was Suction filtered through Whatman No. 1 
Papers into sa 125 ml. flask. The beaker and residue were 
washed with a further 30 ml. of distilled water and the fil- 
trate was made up to volume in a 100 ml. volumetric flask. 
Three millilitres of this solution (theoretically 0.05 tig <7 10) 
and 2 ml. of distilled water were added to he dye solution 
employed in the preparation of ibe Calibratwonscurve ws a luc 
remainder of the procedure was adentical to that described 


for the calibration curve of each particular substance. 
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2. General Procedure For Injections and Solutions 
Mecuitabple volumesor the “anjection was diluted to 
yield a theoretical concentration of 0.05 mg./ml. Three 
millilitres of this solution were added to the appropriate 
dye solution. The remainder of the procedure was identical 
to that described for the calibration curve of each partic-— 


ular substance. 


3. Dosage Forms of Ambenonium Chloride 
Both Mytelase Tablets 10 and 25 mg., were assayed 


by the general procedure for tablets. 


4. Dosage Forms of Benzethonium Chloride 

a) Phemerol Chloride Solution 1:1,000 was assayed 
by the general procedure for injections and solutions. 

b) Phemerol Chloride Tincture 1:500. Ten ingle hel a 
litres of the tincture were pipetted into a 150 ml. beaker 
containing 10 ml. of distilled water. This solution was 
heated on a water bath to evaporate the acetone and alcohol. 
After cooling, this solution was made up to LOOPmiee i nvagvols 
umetric flask. Twenty-five millilitres of the resulting 
solution were diluted to 100 ml., yielding a theoretical con- 
centration of 0.05 mg./ml. of benzethonium. Three millilitres 
Sflthismsolution and 2*ml..of distadied water were added to 
10 ml. of 0.0001N. methyl orange. The remainder Ole thes plo; 
cedure was identical to that described for the calibration 
curve beginning with "Twenty-five millilitres of methylene 
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5. Dosage Forms of Cetylpyridinium Chloride 

ey me epece |, colwetons l227000-gmten millilitres: of the 
solution were pipetted into a 150 ml. beaker and heated oe 
a steam bath to evaporate the ethanol. The solution was 
cooled to room temperature, then made up to 100 ml. ina 
Von Une toca mlask BrThvee milimiatres of this solution and 
2ml. of distilled water were added to 10 ml. of 0.OOOIN. 
methyl orange in’a 250 ml. separatory funnel. The remainder 
of the Becceduce Wass dentical to that.described for the 
calibration curve beginning with "Twenty-five millilitres 
Ousmernylene chloride ---—". 

Dy Cepacol Lozenges. Five lozenges were weighed and 
finely powdered. A sample equivalent to 2.5 mg. of cetyl- 
pyridinium chloride was weighed in a beaker and stirred 
Megweercalilysror 30;Mainutes with*25 ml. distilled water.” The 
Polutionewasi made wp to) volume in a 50° ml. volumetric flask. 
iiscesmiuliilitres of this solution and ‘2 ml. sor distilied 
Water were added to 10 ml. of 0.0001N. methyl orange at 
pH 8.0 in a separatory funnel. The remainder of the procedure 
was identical to that described) fory thes calibrations curve 
beginning with "Twenty-five millilitres of methylene echion— 
ide----", A blank was also determined’ replacing: the’ dye 


solution with 10 ml. of distilled water. 


6. Dosage Forms of Demecarium Bromide 
Humorsol Ophthalmic Solution 0.25% was assayed by 


the general procedure for solutions anda injections. 
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7. Dosage Forms of Domiphen ‘Bromide 

a) Bradosol Lozenges were assayed by the general 
procedure for tablets but the stock solution was made up to 
pmcneoretical concentratiton-of 0.03 mg./ml. 

b) Bradosol Powder was assayed by the procedure used 


for the domiphen bromide calibration curve. 


8. Dosage Forms of Echothiophate Iodide 

Phos@mnelines (odide, 3.0, 96.25 and 12-5°mg. The 
contents of the vial were dissolved in distilled water and 
teavemercea to a LOO mL. volumetric flask, then made up to 
volumeswithedictil led¥ywater; WAns appropriate quantity (whose 
absorbances would fall@withine the! limits of rtheicals bration 
curve) was added to a separatory funnel containing 20 ml. of 
OACOOMNebromthymolsplue at pH 7.0. The remainder of (the 
procedure was identical to that described for the calibration 
beginning with "Twenty-five millilitres of methylene 


chloride ---". 


9. Dosage Forms of Edrophonium Bromide 

Densaon Injection was assayed by the general proce- 
dure for injections and solutions, but a solution withea 
theoretical concentration of 0.5 mg./ml. was initially pre- 


pared. This was then diluted to Oe CSemo.y iu. 


VOL Dosage Forms of Hexocyclium Methosulfate 
Tral with Phenobarbital Tablets were assayed by the 


general. procedure for tablets except that a sample equivalent 
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Lomo ueMg-.Of hexocycl ium, was employed. © After, filtiration, etc. 
amoolLuC1On OL theoretical concentration .0..051maq.~/ml.\ was 


prepared. 


ll. Dosage Forms of Isopropamide Iodide 
Darbid Tablets 5 mg. were assayed by the general 


procedure, for, sablets;. 


1s Dosage Forms of Methantheline Bromide 
Banthine Tablets 50 mg. were assayed by the general 


procedure. for tablets. 


jieeebOscage Forms of Oxyphenonium Bromide 
Amuveny | sTabtets,~5 and 10 mg-:, were analysed, byetnec 


General procedure for tablets. 


else Dosage. Forms) ofsPenthienate, Bromide 
Monodral Tablets 5 mg. were analysed by the general 
procedure for tablets and Monodral Elixir followed the 


general procedure for injections and solutions. 


15. Dosage Forms of Pentolinium Tartrate 
a) Ansolysen Tablets 40 mg. The general procedure 
for tablets was used except that it was first required to 
Prepare a solution of theoretical concentration 0.5 mg.7mi. 
b) Ansolysen Injection. Five milla i tres oreene 
injection were pipetted into a 250 ml. volumetric flask and 
made up to volume with distilled water. To 20m OL 


0.0001N. bromthymol blue at pH feUemwere, added 7 Semi a ot 
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the diluted Ansolysen Injection and 3.5 ml. of distilled 
water. The remainder of the procedure was identical to that 
described for the calibration curve beginning with "Twenty- 


five millilitres of methylene chloride ---". 


16. Dosage Forms of Pipenzolate Bromide 
Piptal Tablets 5 mg. were assayed by the general 


proceduresrOrrtablets: 


17. Dosage Forms of Propantheline Bromide 

ayepro-baenthine Tablets 7.5 mg. “Ten tablets were 
weighed and finely powdered. Fifty milligrams of the powdered 
material were weighed dntald50imil Mbeaker ande@stirred magnet-— 
ically for 30 minutes with 25 ml. of methylene chilordderraihe 
solution was filtered through Whatman No. 1 paper and the 
residue was washed with a further 10 ml. of methylene chloride. 
The filtrate was evaporated to dryness and the residue was 
dissolved in water and made up to volume in a 100 ml. volu- 
metric flask. The remainder of the procedure was identical 
to that described for its calibration curve. 

b) Pro-Banthine Tablets 15 mg. The procedure was 
identical to that described for the 7.5 mg. tablets except 
that only 25 mg. of the powdered tablets were used. 

c) Pro-Banthine Tablets 30 mg. The general procedure 
for tablets was used. 

d) Pro-Banthine Injection. The contents of the 
ampoule were Cranstenred to a beaker and weighed. Distilled 


water was added to dissolve the powder and the solution was 
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transterred to a 100 ml. volumetric flask and made up to 
volume. Appropriate dilutions were made to ensure that the 
abscoroance would fall within the limits of the calibration 
curve. The remainder of the procedure is identical to that 


Gescripeda ©£Or tts Calibration curve. 


18. Dosage Forms of Pyridostigmine Bromide 
Mestinon Tablets 60 mg. were assayed by the general 
procedure except that a sample equivalent to 50 mg. of 
pyridostigmine was used and from this appropriate dilutions 


were Inade. 


19. Dosage Forms of Trimethidinium Methosulfate 
Ostensin Tablets 20 mg. were assayed by the general 


procedure for tablets. 
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RESULTS AND DISCUSSION 
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Analysis of Crystalline. Quaternary Ammonium Materials 
the=secults tor the analysis ofacrystalline materials 


are presented in Table I. 


TABLE I. ANALYSIS OF CRYSTALLINE QUATERNARY AMMONIUM 


MATERIALS 


Name of Compound % Purity 
1. Benzethonium Chloride Or 
2. Bethanecol Chloride CO ee 
BecCesylovyridinium Chloride ae) 
4, Demecarium Bromide ORs 
5. Domiphen Bromide Dees 
6. Edrophonium Bromide 10: Oreal 
jpenexrocyclium Methosultate TES) 
8. Isopropamide Iodide Eee se: 
9. Mepenzolate Bromide 1:0.0,2:6 

UO Porencnelane Bromide 99 

11. Oxyphenonium Bromide 1 0 Oee7 

12. Penthienate Bromide 98.7 

ie ee Den EOuiLnium, Tantra te Melo) 

14. Pipenzolate Bromide 99.4 

15. Propantheline Bromide 9722.0 

16. Pyridostigmine Bromide JOS) 


17. Valethamate Bromide 100.9 
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In all instances the pure compound was analysed by non-aqueous 


tittvatione, The figurescreportedvaresthe average’ of three 


determinations. Crystal violet was found to be a more suitable 


indicator for those compounds soluble in acetic acid and 
methyl red was more suitable for the chloroform soluble sub- 
stances. ' 

Satisfactory results were obtained for all compounds 
except ambenonium chloride, chlorisondamine chloride, echo- 
thiophate iodide and trimethidinium methosulfate. Endpoints 
could not be reached for these medicinal agents. Alternative 
methods of analysis were not found in the literature so 
melting points were taken for the latter four compounds in 
order to determine their purity. These results are shown in 


Tables iis 


TABLE II. MELTING POINTS OF CRYSTALLINE MATERIALS 


Compound Reported M.-P. (°C?) Observed M.P 
Ambenonium Chloride 196-199 TOG-193 
Chlorisondamine Chloride 258-265 (decomp. ) 259-263 
Echothiophate Iodide sullesi22 S(decomps) 116-120 
Trimethidinium Methosulfate 192-193 198-199 


Of the substances which did not give results by non- 
aqueous titration only echothiophate TSmnO Lean blequdace Dany 
compound. A study by Helgren, Theivagt and Campbell (11) on 


hexocyclium methosulfate showed that non-aqueous Citration 
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involved the non-quaternized nitrogen of the piperazine 
ring. They made their observations on the fact that’ the 
completely quaternized derivative of hexocyclium would not 
react with Sexes acre an acetic acid. “They conciuded 
that the methyl sulfate anion is a weaker base than the 
acetate ion and therefore would not titrate. This may be 
the explanation for the failure of trimethidinium metho- 
sulfate to titrate. Explanations are not available for 
ambenonium and chlorisondamine because other bisquaternary 
ammonium compounds such as demecarium and pentolinium gave 
good results by non-agueous titration. Studies on echo- 
thiophate (36) eto that the compound undergoes degrad- 
ation which may explain the anomalous results obtained with 


this substance. 


Determination of Optimum Conditions and Suitable Reagents 

Before discussing the reagents and conditions selected 
for this investigation, it would be meaningful, to,present 
the theory of the dye partition technique. 

Organic liquids such as chloroform or methylene 
chloride are not good solvents for jonie dyes.  Thererore; sia 
a two phase system when one such immiscible solvent is present 
with an agueous solution of a dye or indicator, LLEELesouenG 
Colour is transferred to the organic phase. However, when 
a quaternary ammonium compound is present along with an excess 
of the anionic dye, the complex which is formed is partitioned 


preferentially in the organic phase. 
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Helgren, Theivagt and Campbell (11) have summarized the 
reactions in the following manner. 


DNa a RD (H Oar b* (Ho) 


2 


\, { ee Lx, 


Vv 
Diem OFOrie== RD (org. j= RXi(org. ) 


The anionic dye is represented by DNa, the cationic 
compound by RX, and the complex RD. The equilibria Ky and K 
represent the partitioning of the dye and the quaternary 
ammonium compound respectively between water and the organic 


phase, while K, represents the partitioning of the complex 


a 
between the two phases. In order for the method to succeed 
Ky Husteravor the Organic: phase. 


Preliminary studies for the selection of a suitable 
dye were made with benzethonium chloride. The dyes chosen 
for this study were bromphenol blue, bromthymol blue, Orange 
Iv, Orange II and methyl orange. Their structures are given 
below. 

-Bromphenol blue (3,3',5,5'-Tetrabromophenol sulfonphthalein) 
Molecular weight - 670.02 
efig fehe 
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pcpeomehnymol biue +(353°-Dibromothymol sulfonphthalein) 


Molecular weight - 624.39 


Br ippe 
HO 7 CH2CH EE wee 
(CH,),CH — A ~CH(CH,) 
SOH 


-Orange IV (Tropaeolin 00) 
(Sodium p-dimethylamine-azobenzene sulfonate) 


Molecular weight - 375.88 


Nao ohne { \- mn \ 


-Orange II (p- (2-hydroxy-l-naphthylazo) benzene sulfonic acid) 


Molecular weight - 440.41 


/ \ yan \-so5n0 ° 5H,0 


\ + 


-~Methyl Orange (sodium p-dimethylaminobenzene sulfonate) 


Molecular weight - 327.34 
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The results of this preliminary investigation are 
shown in Figures 1-5 and indicate that the absorbance of the 
COMplex iS NOt a direct function of pH. Although the absor-— 
bance of the complex was generally greater at higher pH 
values, the complexes of methyl orange, Orange IV, Orange ITI 
and bromphenol blue also showed high absorbance at pH 2.0. 
It is difficult to explain this phenomenon because at 
pH 2.0 the acid dye would be in the undissociated form and 
thus hinder complexation. 

In most instances the optimum wavelength was the same 
fom all icomplexes involving-one particular dye. The com- 
plexes of bromphenol blue at pH 8.0 and 10.0 were blue, how- 
ever, at pH 2.0, 4.0 and 6.0 the complexes showed the usual 
yemlowrcolour. | The complexes at pH 8.0 and 10.0 were ob-— 
served to be very unstable. On the other hand methyl orange 
was found to give complexes with high absorbances and they 
exhibited the greatest stability of any in this study. 
Orange IV gave fairly stable complexes but the absorbances 
were lower than those of the methyl orange complexes. Al- 
though bromthymol blue complexes gave high absorbances at 
certain pH values, they were found to be much more pH depen- 
dent. Orange II complexes were generally unstable and gave 


lower absorbances than those formed with other dyes. 


















on el 
; 
Zak wo«s*s-3; JRA | O07 1M LATS at : iG tives edt On | : 
= 5 - 
Yh? Yo sogedvouds 4 rsrid ogankhuy Pos *-£ eoeek) gb ee tt 
" . 


-tceus sit revorittA .ie to aoldnayt soos € Jot Sh Rela 
+ e - ~ ‘ a 
fq x6roin. 46 asteenn vilesarist , Re Tonos ef? Yo, esmae 
= a 
= u 


IfESxXO Ex) ,gnasiso Lysyon Fo sevoigngs of? , eee aeeee 


vii #8 7&6 sonrsdczoade Api Gevede opie eatid Lossiemord ae 


jn~sftuenp geen aaa a 


“g00 ai? .svb xslirv! | to pitiviownd eee woo ifs x62 
etd sxeow 0. le < re! olor’ to saxeiqn y= 
ieuat oft Baworiea =e: ; . .o,5 4g 38 ,2eve 


“Oo Ssr5w 06.0f 6 Hol 3H 2o"3 aMios ont .2700' oo wolleay 7 


menezo Lydtem Dr AD .vidajom> yuev od of Bevan 


ars Hoe |asrnsds: CT , tw @ ae Mame 4 , 
forms bose a d26 1 asitw esxslqne fie 2 Sacolt esw 
ip bu ‘-, ~~ . sea roi Po 2 ap % ~ a : > 
berte ; bY: ; isatpoug wt? bast idicdee 


eSa0 se 


™ - > : 
= 27 06..' oto t8' 7 ait # eA TIO i447 2 iliis@d & ee Wi SPRe10 a 


4 
’ 
= 

p 
7 
L4 

) 
, 

4 


Pd * : 
“is .2exgl 


io soriat Lyrivom soa, 26 eeet?-ceels towol S198 





ri 8 -¥ a4 GQiveh oaweaf man A - i ‘ | 
J2 panier roads a js " oS - TES ee oe Oe Spe Bis a <e fijinowd dpsadt > 


vitegat: a e260. coum ot}: 02 bot. a108w yea" ,zeviev Be ake a 


7 ve 








— 
a 


ee: . Taare eet eiaxancy 2 aw esxei gaps ¥z ssi . ns 


Ca i 4 a i 


Pri. aetizt o Raise Des seeds ned? asonsduceds 
, a =. 7 : x a af a 
: a a . - - 
= 2 - 2 ; - 
: “ 7 













_ 
7 





ABSORBANCE at 410 mp 


FIGURE 1. STABILITY OF BENZETHONIUM- 
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FIGURE 3. STABILITY OF BENZETHONIUM- 


BROMTHYMOL BLUE COMPLEXES 
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Although chloroform was used as the extracting 
solvent in the aforementioned study, methylene chloride was 
later found to be a more suitable solvent. In order to 
determine the amount of methylene chloride required to extract 
Bhemcomolves Sem). Ot -as0-000IN. solution of the dye were 
added to a 250 “ike separatory funnel. An excess of the quat-— 
ernary ammonium compound was added to ensure a complete 
reaction of the dye. The complex was then extracted with 
methylene chloride. A clear aqueous phase indicated complete 
ex reaceionsby the organic solvent. In most imstances 25 ml. 
was found to be a sufficient volume of methylene chloride. 

Blank determinations were also performed on the dye 
alone. Varying quantities of a 0.0001N. solution of the dye 
were extracted with 25 ml. of methylene chloride and the 
absorbance of the organic layer was measured. The results 


of this investigation are given in Tables III-V. 


TABLE III ABSORBANCE OF BROMTHYMOL BLUE AT pH 7.0 


Tiere OF O00 LN Absorbance 
Bromthymol blue at.4L5.myu 
10 : OR Oy 
LZ 02,013 
14 $9,000.16 
16 0.020 


18 0.020 
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PAB IGh © 1a te ABSORBANCE OF METHYL ORANGE AT pH 8.0 
fitlice ove AOMKOUONO MINA Absorbance 
Methyl s@range at 410 mu 

5 . Oe 002 

7 0.000 

9 0.000 
TABLE. ABSORBANCE OF ORANGE IV AT pH 6.0 
Miso m 0 .0001N. Absorbance 
Orange, LV at 400 mu 

5 0.000 

" 0.000 

9 | 0.001 


These studies indicated that methyl orange was a 
satisfactory complexing agent at pH 8.0 because it gave very 
stable complexes with high absorbances, and the dye alone 
gave negligible absorbance when extracted with methylene 
pmcride. By a similar series of experiments Orange IV and 
bromthymol blue were later found to be more suitable 
complexing agents for certain quaternary salts. 

When the appropriate complexing dye forseach quater 
nary compound was selected, the optimum wavelength for each 
complex was determined. These results are presented in Table 
VI. It was found that the optimum wavelength for. aliTconme 
pounds complexed with a certain averdad notevary by more 


than 5 or 10 mm. This would indicate that the quaternary 
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ammonium compound has little, if any effect on the absorbance 


Or the complex. 


Calibration Curves 

Linear calibration curves are illustrated in Figures 
6-24 for all pure compounds except bethanecol and mepenzolate. 
Preparation of all calibration curves was initially attempted 
using methyl orange as the complexing agent at pH 8.0. If the 
complex gave insufficient absorbance, Orange IV and then 
bromthymol blue were investigated as complexing agents. 

For demecarium bromide, a stability study was required 
because absorbance readings of the solution increased on 
Standingeamea cuvette. The following are the results for the 


stability of the extracted complex in methylene chloride. 


TABLE VII. STABILITY OF DEMECARIUM-ORANGE IV COMPLEX 
TIM. ) Abs. Tame Mia.) ADS 
1 303 9 .378 
2 Geek eve 10 SiG 
3 naa T aah £381 
4 6352 ike .381 
5 .370 13 na8 1 
6 a373 14 R380 
7 au5 15 383 
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FIGURE 6. CALIBRATION CURVE FOR 


AMBENONIUM CHLORIDE 
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FIGURE 7. CALIBRATION CURVE FOR 


BENZETHONIUM CHLORIDE 
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ABSORBANCE (415 mp) 


HIGURE VOe=*CALLBRATION CURVE FOR 


DEMECARIUM BROMIDE 
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ABSORBANCE (415 mp) 


RICURT ve oe CALLERATION CURVE BOR 
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FIGURE 12. CALIBRATION CURVE FOR 


ECHOTHIOPHATE IODIDE 
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FIGURE 14. CALIBRATION CURVE FOR HEXOCYCLIUM 


METHOSULFATE 
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FIGURE 15. CALIBRATION CURVE FOR 


ISOPROPAMIDE IODIDE 
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FIGURE 16. CALIBRATION CURVE FOR 


MEPENZOLATE BROMIDE 
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FIGURE 18. CALIBRATION CURVE FOR 


OXYPHENONIUM BROMIDE 
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FIGURE 20. CALIBRATION CURVE FOR 


PENTOLINIUM TARTRATE 
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FIGURE 23. CALIBRATION CURVE FOR 


PYRIDOSTIGMINE BROMIDE 
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It was found that 10 minutes was sufficient time for max- 
imum colour development. 

For a similar reason, it was also necessary to study 
the effect of time on the development of colour when pen- 


thienate was the drug under investigation. 


TABLE SV Lr. STABILITY OF PENTHIENATE-ORANGE IV COMPLEX 


Time (min.) Abs. Line*(min®) Abs. 
a 7345 5 ~420 
2 02 10 -420 
3 385 1s: -420 
4 391 20 -420 
5 -408 25 -420 
6 -410 30 ~425 
Z -418 40 ~425 
8 -418 50 -430 


Bromecnieoeresults given in Table VilI, 15 minutes appeared’ to 
be ample for stable colour development. 

Although the colour produced with echothiophate was 
dinear with concentration, it was difficult. to obtain re- 
producible calibration curves. This phenomenon may be ex- 
plained by referring to a recent publication by Hussain et 
al (36). In their investigation they found that echothiophate 
underwent degradation in aqueous solutions. In alkaline 
media, the major reaction was S-P bond cleavage to yield 
(2-mercapto-ethyl) trimethylammonium iodide, and LiwacdU1 


media C-O bond cleavage occurred with the loss of a mole of 
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alcohol. The mechanisms for these reactions are as follows: 
a 
v 19-CoHs 
(CH. )_N-CH.-CH_-S-P 
oe ocr. 
alkaline . acidic media 
media = Y 
OH ise) 
fi , D ins sack) 
ie t oreaee a l| O-C2Hs 
(CH,) 3N-CH)-CH)-SH + O-P. (CH) 3N-CH,-CH,-S-P. 
O CoHs OH 
= 
C5H-5OH 


PEewould appear that complexation would still take place with 
the degradation products, but the possibility of a mixture 
of different complexes exists, thus giving rise to different 
absorbances. 

Satisfactory explanations regarding the failure of 
neo olate toyproduce Pinear calibration’ curves are not so 
readily available, but one factor may be the solubilityof the 
complex. When the beeper was extracted from the aqueous 
Solution wa uniform colour was not produced in the methylene 
Ehnioride layer. Although pipenzolate, which is structurally 
very similar to mepenzolate, gave absorbance values which 
were linear with concentration, it was difficult to obtain 
reproducible calibration curves. 

Attempts to establish a linear relationship for beth- 
anecol failed using methyl orange, Orange IV, or bromthymol 


blue as the complexing agent. In each instance methylene 
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chloride failed to extract a detectable quantity of the com- 
plex. When a quantity of methyl orange and bethanecol were 
Srimred an methylene chloride in the absence of water, a 
yelow colour characteristic of the complex developed. This 
wmoutcmecem tO indicate thatjra complex is formed but either it 
femexeremely insoluble in#the organic solvent or that itsfa- 
vwours, the aqueous phase. Structurally bethanecol.is a much 
smaller molecule and has a lower molecular weight Sie ene 
other compounds. 

Calibration curves for isopropamide and pyridostigmine 
were also prepared using the method of Santoro (13), which 
involves re-extraction of the organic phase with hydrochloric 
acid. Linear calibration curves were obtained in both in- 


stances but the procedure was found to be more time con- 


suming and more wasteful of the solvents used. 


Pharmaceutical Dosage Forms 

Before the pharmaceutical dosage forms were analysed 
eeorudvwon the effect of tablet excipients: was carricdsout. 
Dnmcierunvestigation,a quantity Of thei tablet sexcipicns 
was added to 10 ml. of the complexing dye and extracted with 
methylene chloride. The absorbance of the organic phase 


gave the following results. 
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dg Nenincy a.m REPEC Onset ART ET EXCIPIENTS 
Po Bromthymol Orange IV Methyl Orange 

Excipient Blue pH 7.0 pH 16, OF ee epi 80 
Lactose -000 =000 -000 
Methocel SOLO -003 - 003 
Mannitol 010) 2 -000 .000 
Sucrose | -004 a0 02 .004 
Phenobarbital -004 


The results show that the absorbance due to tablet excipients 
is negligible. Other common ingredients used as tablet 
See oeoeate haolin, Starch, magnesium stearate and talc. 
All of these compounds are, however, water insoluble and 
would be filtered out in the procedure. 

ie results f6r—-the analysis of the dosage forms are 
presentedein Table x: Where official procedures existed, they 
were used as a comparative means of analysis. Good results 
were obtained with the majority of dosage forms and generally 


good agreement was noted with the comparative method. 
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TABLE 2. ANALYSIS OF PHARMACEUTICAL DOSAGE FORMS 


Average Comparative 
Compound % Recovery Methods (% Rec.) 

1. Ambenonium chloride 

Mytelase Tablets 10 mg. T0298 0 0 Same Ufo 

Mytelase Tablets 25 mg. TOO SSA) OA oe 
2. Benzethonium chloride 

Phemorol Solution Digr gee Oo a0 12 6a 

Phemerol Tincture Shasta) al OWS If 95 200% 
BeeCeLy loyridinium chloride 

Cepacol Solution Onl Zag nO 

Cepacol Lozenge LO 2h e/a eo 
4. Demecarium bromide 

Humorsol Ophthalmic ihe cae 
5. Domiphen bromide 

Bradosol Lozenge Osi lee Ore 9 LOS2 ese 

Bradosol Powder OR 2 wane OO Ct 
6. Echothiophate iodide 

Phospholine 3.0 mg. 12 ee 

Phospholine 6.25 mg. 13 0.0) 

Phospholine 12.5 mg. 134.4 
Lae Poe e non tan bromide 

Tensilon Injection 100. Beek OO mouse 
8. Hexocyclium methosulfate 

Tral with Phenobarbital LOZ Ol eetk aeto 101245% 


9, Methantheline bromide 


Banthine Tablets 50 mg. Oe tees 
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TABLE X. CONE LNnued: 
Compound 
10. Oxphenonium bromide 


(ul. 


ieee 


TREKS 


14. 


ioe 


16. 


HieGenyir Tablets 5 mq. 
Antrenyl Tablets 10 mg. 
Penthienate bromide 
Monodral Tablets 5 mg. 
Monodral Exixir 
Pentolinium Tartrate 
Ansolysen Tablets 40 mg. 
Ansolysen Injection 
Pipenzolate bromide 
Piptal Tablets 5 mg. 


Propantheline bromide 


Pro-Banthine Tablets 7.5 mg. 


Pro-Banthine Tablets 15 mg. 
Pro-Banthine Tablets 30 mg. 
Pro-Banthine Injection 
Pyridostigmine bromide 
Mestinon Tablets 60 mg. 
Trimethidinium methosulfate 


Ostensin Tablets 20 mg. 


*winalytical data Supplied by manufacturer. 


100. 


EOQ2 


OS. 


LOT: 


LOZ. 


Shee 


96. 


gaps 


995% 


Ie he 


SNPS 


86. 


** Analysis by official procedure. 


= 


*** Analysis by non-aqueous titration. 
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Comparative 
Methods (% Rec.) 


Omar es 


LO0S 00 


LO 2a 05s 


LOG 0 


IRONS TAS es 


96. 22a 
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Tt was found that a general procedure could be employed 
for most of the analyses but in some instances slight modi- 
fications were required. For the majority of tablets, ex- 
traction of the powdered material was made by distilled water. 
Bomerrorbantiine tablets 725 and 15 mg., which are sugar 
coated, methylene chloride was utilized as the extracting 
solvent, since extraction with distilled water gave poor 
recoveries. 

wn some analyses, blank determinations of the sample 
without the complexing dye were required because the sample 
was coloured. Both phemerol Tincture and Monodral Elisa raegavc 
no absorbance when extracted with methylene chloride. This 
indicated that the absorbance would be entirely due to the 
quaternary ammonium-dye complex in these instances. 

Satisfactory results could not be obtained with the 
dosage forms of demecarium, echothiophate, isopropamide 
and trimethidinium. The high results obtained from the 
dosage forms of echothiophate and isopropamide may be at- 
Peiired to. their calibration curves which,were not entirely 
linear. The calibration curve for echothiophate was also 
OiveLeULemtO. rep. OOUCe,, 

The high recoveries obtained for Humorsol Ophthalmic 
Solution 0.25% can be explained by the fact that this prepar- 
aren contains benezalkonium chloride as a preservative (37). 
Since this method cannot differentiate between quaternary 
ammonium compounds, the benzalkonium would also complex 


giving rise to a greater absorbance. 
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An explanation for the low recoveries obtained with 
Ostensin Tablets is not apparent because the calibration 


curves were linear and reproducible. 


Theoretical Aspects 

Studies on the interaction between the dye and the 
quaternary ammonium salts have been presented by Zografi, 
Patel and Weiner (38). They studied the interactions ee 
tween Orange II and four long chain quaternary ammonium salts 
cetylpyridinium chloride, domiphen bromide, dodecylquin- 
olinium bromide and. (2-phenoxyethyl) dodecyldimethylammonium 
bromide. These authors determined the stoichiometry of Pe 
interactions by measuring the distribution of the dye be- 
tween water and chloroform. as a function of pH and.ionic 
strength, in the presence of various detergent ion concen- 
trations. Below pH 8.05 all detergents were found to give 
complexes with a 1:1 stoichiometry. Above pH 12.34, the 
dye-cetylpyridinium stoichiometry was found to be 1:2 ovy ing 
to the complete dissociation of the phenolic group of 
Orange DIl,at this pH. The other dye-detergent complexes con- 
tinued to show a 1:1 stoichiometry. Their results were 
substantiated by isolation and elemental analysis of the 
various dye-detergent complexes. 

They concluded that the complexes formed were due to 
the electrostatic bonding between the negatively charged 
sulfonate group of Orange II and the Gationic) nitrogen of the 


various detergents. They explained the differences in solu- 
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bility of these complexes as being due to the electronic 
encesterlc configuration of the cationic species. 

ine Chew presentei investigation it was found thats the com- 
plexes formed with certain dyes gave a greater absorbance than 
those formed from other dyes. The complexity of the molecules 
iniverveamMtekes it difficult to offer "definite explanations 
fOorethivs Phenomenon. “There is, however, evidence thatthe 
reactions are dependent on the electronic and steric con- 
figurations of the species involved. Of the eight compounds 
for which methyl orange was utilized as the complexing agent, 
five contained a 0-CH,CH,-N* Group s="OL the compounds for 
which either Orange IV or bromthymol blue was employed, only 
one compound eee a 0-CH,CH,-N* group. Methyl orange did 
not give complexes with significant absorbances for the 
bisquaternary compounds and only bromthymol blue was a sat- 
isfactory complexing agent for the lower molecular weight 
compounds. 

Pestudy of the™molar absorptivities of the quaternary 
ammonium compounds shown in Table XI, gives more indication 
of the stoichiometry of the complexes. The compounds com- 
plexed with methyl orange all contain one quaternary nit- 
rogen and show approximately the same molar absorptivity. 
With bromthymol blue and Orange IV, the bisquaternary com- 
pounds show molar absorptivities which are approximately twice 
Liat oL Ehe monogquaternary compounds. This would therefore 


indicate a dye-quaternary stoichiometry of 2:1 for the 


bisquaternary compounds. 
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TABLE x0. MOLAR ABSORPTIVITIES OF QUATERNARY 
AMMONIUM COMPOUNDS 
Molarity Molar Abs.** 

Compound Mol. Wt. Coe) IY OSS 8 (x107) 
A. Benzethonium 466.09 the .408 shea bes 
Cetylpyridinium S58) oO Zo IS )S) 2.84 
Domiphen 414.46 1.45 -470 3.24 
Hexocyclium £20. 0.) 1.40 50 2136 
Tsopropamide 480.42 ib Aes) sey al hee Dy) 
Methantheline 420.34 1.43 TOA 2316 
Propantheline 448.42 Wty .504 Be 2 
Oxyphenonium p20 AL 1.40 346 2.47 
Beenchnochiophate Bes 238 Ded ahs) .264 i260 
Edrophonium PRENS AALS: ip 79S) .704 Deeley 
Pentolinium 530250 1.49 Oa, 4.01 
Pyridostigmine 261.14 06 57 1.49 
Trimethidinium 490.67 i oS 52s) 4.26 
C. Ambenonium 608.50 ibs ojde 497 34 72) 
Pipenzolate 434.39 134 -483 203 
Penthienate 420.41 ie She oO BLK 
Demecarium e676.) Letl2, oa 4533 


A - Compounds complexed with methyl orange 


B - Compounds complexed with bromthymol blue 


C - Compounds complexed with Orange IV 
Abs.* - Absorbance 


Abs.** - AbsorPtivity 
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SUMMARY AND CONCLUSIONS 








de 


(1) A study on various acid dyes as complexing agents for 
quaternary ammonium compounds has been presented. Methyl 
Orange, Orange IV and bromthymol blue were found to 


be the most satisfactory. 


(2) Linear and reproducible calibration curves were ob- 
tained for 19 quaternary ammonium compounds. Of the 
compounds investigated only bethanecol and mepenzolate 


failed to show a linear relationship. 


(3) The effect on the procedure by common tablet excipients 
has been investigated and found to be of negligible 


consequence. 


(4) A guantitative method of analysis has been developed for 
23 pharmaceutical dosage forms containing a quaternary 
ammonium compound. The procedure is very sensitive and 
‘was adaptable to the various types of dosage forms 


investigated. 


(a ymeOn the basic of the present investigation, Tt) asecon] 
cluded that the proposed method is generally superior 
£0 existing methods. It is recognized that the ultra 
violet method is equally satisfactory except it is 
more prone to error by interferences than is the 


colourimetric technique. 


(6) Since the dye-quaternary ammonium complexes have been 


found to obey Beers Law it would he possible to compare 
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the unknown sample to a known reference standard 
solution and thus eliminate the need for a 


calibration curve, 


if 
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DATA FOR SELECTION OF COMPLEXING AGENT 


1. Methyl Orange - Benzethonium Complex 
aj) Determination of Optimum wavelength. 


pH 
(142) 2.05 4.00 6.00 UA} Clg iS 
400 oes a2 oe 640 - oe ppay chs) 
405 -640 = 28:0 oO Ow! -605 O10) 
410 -670 2300 «097 5 ey)S) OD 
415 Egle e275 OO SOAS) a Sy) 
420 03,0 eas HSS) Sale) mo 

b) Stability Determination 

pH 
Dimer min. je 2.015 4.00 6.00 Leos 9.95 
07 630 335 635 640 560 
5 76.30 Aci & nose .640 Ke ve8) 
30 a(seno) Sree: Meets) 640 oe 
60 265.0 a 20 - 635 -640 sou) 
90 ~O50 Sills) Ail Seohs) 640 320 
120 -640 S320 O30 aleehs eke, 

2. Qrange IV - Benzethonium Complex 


a) Determination of Optimum wavelength 


pH 

(mp .) 200 4.00 6%. 03 8.00 10.00 
23h -412 24.0 ~425 - 395 ~435 
400 <415 ~242 435 -402 -440 
405 -415 ~242 “43.0 -402 -440 
410 -400 ae 2 -420 MEIC ~425 

b) Stability Determination 

pH 
amet ie )e 2.0.0 4.00 605 8.00 L05-00. 
0 ~422 Zo .305 ASSP) ~435 
LS ~422 oe Oe +365 POKES) Mp bee) 
30 ADD 2233 3265 L Gpe - 435 
60 2425 a2 mickey) ApS ye IS) ~455 
90 we #283 368 B95 er 


120 PAT PSHE) SENOn, Sows! 485 
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0 
el 
o€ 
63 
~oe 
oct 


inmaxQ = 








3.  Bromthymol Blue - Benzethoniom Complex 
a) pDeterminat#on of Optium wavelength 
pH 
Amp) BUS 4.00 6. 10, 8.50 
400 2.2 rl OW me Cay, -540 
405 PAS) oT +218 196.0 
410 mt 27/ 202 PAA) 0 40 
415 226 abe ig Aes = Ou 
420 ages) anew aie SW AC 
425 : Ze bE 
b) Stability Determination 
PH 
Time (min) 25 4.00 eye 8) Sead!) 
0 me 7 sree ne! SI RIAE <2 0 
JE Sy Eas. 0 Saher) nee 2 20.0 
50 4 Aeehohes) wee a0 
60 e2 eS) pA D ape ee’ 
20 aA! Alene FOOWPRE pay pye 
120 tO]. Ane NBS: 2 22, aa hs) 
4. Orange II - Benzethonium Complex 
a) Determination of Optimum wavelength 
pH 
a (mp ) Za 4.10 Sy te) 8.00 
465 ~405 5 OE) 
470 ~540 2540 -450 Are iS)e) 
475 7590 sie -450 -400 
480 | =620 -600 ~455 407 
485 702.0 -600 ~455 Seke}s) 
490 -615 270 -430 pe KehS) 
byewotability Determination 
pH 
Time (min) 2reak0) 4.10 ape el® 8.00 
0 306 ZAMS asa POS 
13) 2003 IRI od I: “359 
30 2300 LoD Sewhe) pe Beh) 
60 295 52 2 serie) 345 


120 2.00) -200 pete 345 
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5. Bromphenol Blue - Benzethonium Complex 
a) Determination of Optimum wavelength 
ae 
A (m2) Zr 0 3.995 6n05 (mu) 8 
Suen) 350 -640 855 580 
400 -900 aor AS) CW fs) 585 
405 ~900 road 390 590 
410 2 aa es}s) 385 595 
415 SEK -680 380 600 
420 -880 .640 365 
b) Stability Determination 
pH 
Time(min) 2.10 SES 6.05 SOD 
0 279.0 1625 375 618 
30 2770 F620 320 530 
60 70 -620 410 500 
180 Sea!) 615 430 420 


DATA FOR CALIBRATION CURVES 


ley 


Ambenonium Chloride 
Complexing Agent- 10 ml. 


0.0001 N OrangeIv pH 6.14 


Extracting Solvent- 25oml. methyleneschloride 
Optimum Wavelength- 410 mp. 
Equilibration Time- 30 minutes. 


Conc. 


(mg. /25 ml.) 


Zi 


Sok 
BS ahs: 


ee 
2132 
£252 
385 
485 
630 


Benzethonium Chloride 
Complexing agent- 10 ml. 0.001 N Methyl Orange pH 7.97 
Extracting solvent- 25 )ml. methylene chloride 
Optimum wavelength- 415 mp. 
Bouulivbrations=time— LOyminutes 


COnc. 
igen 2 eile, 
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ee A®) 
sieshae 
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ou) 
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os. Cethylpvridinitum Chloride 
Complexing agent- 10 ml. 0.0001 N, methyl orange pH 7.21 
Extracting solvent- 20 ml. methylene chloride 
Optimum wavelength- 405 mp. 
Equilibration time- 10 minutes 


Conc. atrial 

(mig. /20 ml .) 1 2 3 4 S Ave. 
B05 SIRES 2230 e218 -194 5202 2208 
$10 - 380 2425 H425 2270 S228 7305 
a5 Soe -600 605 -600 2560 .588 
720 tO -800 AW ps) 2260 6720 .769 
e235 -960 -980 .970 -950 -950 | ~o02 

4. Chlorisondamine Chloride 


Complexing agent- 15 ml. .0001 N. Bromthymol Blue 
Extracting solvent- 25 ml. methylene chloride 
Optimum wavelength- 415 mp. 

Equilibration time- 10 minutes 


GOuc: | Trial 
(TW OseOnoo?r N soln.) a Z 3 4 5 Ave. 
i oe? Ow See 2 ee LOU B25 
2 Poe 2h Meco 2 Oe Ze e2a2 
3 BS GOt eo Ol ee sOUls 555. wood 726) 
4 S460) —.458 9. 48088.470 ».4380 .470 
5 BVO | .600 2.56088 .595 2635 -603 
5. Demecarium Bromide 


Complexing agent- 10 ml. 0.0001 N, OrangeIv pH 9.84 
Extracting solvent- 25 ml. methylene chloride 
Optimum wavelength- 415 mp. 

Equilibration time- 20 minutes 
Stabilityetame-710.minutes 


phat crete 
(mg. /25 mi.) a) aces Ave. 
05 3207 Slt .109 
silts a2.53 .258 .256 
alle .374 .390 .382 
e206 -540 .592 541 


Ne, -680 nO 90 ~685 
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6. Domiphen Bromide 
Complexing agent- 10 ml. 0.0001 N methyl orange pH 8.09 
Extracting solvent- 25 ml. methylene chloride 
Optimum wavelength- 415 m. 
Equilibration time- 10 minutes 
CCric. Trial 
(nceeecon me.) 1 2 3 4 Ave. 
alas’ 270 ~154 ~L58 leas 5 EBS) 
Hah) -o2.0 oe) LS 314 BENS 
oS -480 -470 -458 -470 -470 
720 «925 -620 “oes - 619 Ome 
Re 780 1 SO 2/0) eee gs 
7. jEchothiophate Iodine 
Complexing agent- 20 ml. 0.0001 N bromothymol blue pH 7.08 
Extracting solvent- 25 ml. methylene chloride 
Optimum wavelength- 410 mp. 
Equilibration time- 10 minutes 
Conc. | Treva 
(mom 4250s) 1 2 Ave. 
0 Ainoye siz 
720 ORS of Sha .264 
e2 5 cleus! mye hlis 
=350 ASileye} 7 2386 ‘O76 
40 -480 SEAS oS 
=) 700 a(S ike 584 
8. Edrophonium Bromide 
Complexing agent- 20 ml. 0.0001 N bromothymal blue pH 7.08 
Extracting solvent- 25 ml. methylene ehilgride 
Optimum wavelength- 410 mp. 
Equilibration time- 10 minutes 
Gonce gaa ys Wa 
gig POSS Ee IR ap eae peta 
30D 720 weG t2Z20 210 eS) Beles 
ol) SWAY) 2385 - 380 -400 (ees) aoe 
LS eas) Dio .530 ron 560 CNT 
20 SW ie) ails 680 7.60 760 704 


ap As, .800 so 0 840 oy) ao4,0 20 0 
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9. Hexocyclium Methosulfate 


Complexing agent- 10 ml. 0.0001 N methyl orange pH 8.08 
Extracting solvent- 25 ml. methylene chloride 

Optimum wavelength- 420 my. 

Equilibration time- 10 minutes 


Conc. 


iri a 

MmMG. #425 ,m1 4) ms wee pee a Ave. 
sda 3 6 -104 -104 TOG mace) 
Cae) W253 ee 230 sal AIR 
Aa WAS) APP 295 Se WS .274 
a bisve ES 32s B25 340 330 
silts) W422 260285 «330 (O90 0 

10. Isopropamide Todide 

Complexing agent- 10 ml. methyl orange pH 8.08 
Bxtracting solyent- 25 ml. methyléne chloride 
‘Optimum wavelength- 415 mp. 
Equilibration time- 10 minutes 
Conc, vigstves 

(mg. /25 ml.) = 20 23m Ave. 
IES = ALIN: SAIC pled aS 
=O ~ Aleg! LOIS: apne —220 
EO 0 #340 Haye i Neva 
pe Ae na 05 e405 -A22 aaa 
BAS: nas 490 <D0Z 496 


ll. Methantheline Bromide 
Conpvesmceageme—sik) mil. 0.0001 N methyl orange, pH 3.09 
Extracting solvent- 25 ml. methylene chloride 
Optimum wavelength- 415 mp. . 
Equilibration time- 10 minutes 





Conc. Trad: 

(Ig = 72a.) oo eae rom vais +om Ave. 
SOS é Alize ee) SAME NS Epes: mle) ~144 Bikes ee 
Be sO) PAT 2a 267 SEO LPM ENT 
“lhe 2316.0 SS) -408 se poo 394 
eZi0 es Rao Saeco e Saye: 


E55, ASHES ee) 7 O19 AL Spo es) S645 . 603 
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12. Oxyphenonium Bromide 
Complexing,agent—) 10 ml. 0.0019N methyl orange pH 7.97 
Extracting solvent- 25 ml. methylene chloride 
Optimum wavelength- 415 m. 
Hquilibration time- 10 minutes 


een le 2 3 5 Ave. 
.05 Pl 20M 2G Mums Ay 0 lege el 00mm: . 5120 
.10 265 Ob ee be. 228M 237 
15 Somos 580 «S2eme 346 
20 488 .445 .435 .480 .430 456 
£25 575.555.540.575 0.550.559 


13. Penthienate Bromide 
Complexing agent- 10 ml. 0.0001 N Orange IV pH 6.45 
Extracting solvent- 25 ml. methylene chloride 
Optimum wavelength- 405 mp. 
Eaucisubrationy time—- 10° minutes 
Stability time- 15 minutes 


Conc. ae a Ls 
(mg. /25 ml.) il 2 3 4 5 Ave. 
S05 SAEs ball PALS: eS Ole GOS phot 248 
ay li) pales) 2250 BPN OY Dae Ph co) -290 ATES 
Avs) 7435 3°00 TA 5e . 425 ~420 .415 
ey) yon 8) 2550 S00 6 DGO aisyeis) Alavi 
25 -660 -660 Gi) .680 .668 
LA eer enkouininun Tancrate 


Complexing agent- 20 ml. .0001 N bromothymol blue pH 7.10 
Extracting solvent- 25 ml. methylene chloride 

Optimum wavelength- 410 mp. 

Equilibration time- 10 minutes 


Conc. Dieta ly 

(meme 25am.) ig. 2 Spied ae pom Ave. 
a5 SAA, LOSE = oak Op. “enly0 sigh 
S10: eh ~ .265)) 30s 220 so scale 
mLS | can 445) 405) «AMS 24008 satoy 
20 AG20) 0550) pAGhON Gass Sea 2c0 250m 


Ba 100 eA" a OW 2/60 .700 .740 
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15. Pipenzolate Bromide 
Complexing agent- 10 ml. 


On 


0001 N Orange ly pH 7.95 


Extracting solvent- 25 ml. methylene chloride 
Optimum wavelength- 410 mp. 
Equilibration time- 10 minutes 


Gone. 


(inlcrea /y2De Tile. .) 


(985) 
ALO 
ey Be 
oy) 
aE RS, 


ai 


7138 
295 
330 
500 
625 


16. Propantheline Bromide 


Complexing agent- 10 ml. 


eee) 
oe 
mgs ge) 
00 
30 
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Al h8 
merehes: 
-520 
STON 
-860 


17. Pyridostigmine Bromide 
Complexing agent- 20 ml. bromothymol blue pH 7.05 
Extracting solvent- 25 ml. methylene chloride 
Optimum wavelength- 410 mp. 
Pourlibcation tame— 10 minutes 


oe 
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ol id ss) 
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BESTE: 08 p23 
2AS. 23.0 235 
2345 oA 42 
-468 -464 -483 
-600 1565 E> 97, 


0.0001 N methyl orange pH 8.10 
Extracting solvent- 20 ml. methylene chloride 
Optimum wavelength- 415 mp. 
Equilibration time- 10 minutes 


Viaratys tall 
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Loewe lent Cheainmium Mechosulfate 


Complexing agnet- 20 ml. 0.0001 N bromthymol blue pH 7.1 
Extracting solvent- 25 ml. methylene chloride 

Optimum wavelength- 410 mp. 

Equilibration time- 10 minutes 


Gone Trial 

(Ng. 725 mule) PELRS wie ASE es mF Ave. 
BOS e220 223 alten é -189 aos .199 
melt) sisi) SES Soe ACY HS) 5 Bie 305 
agi 8s) ~538 ~545 4520 520 e517. os 
20 IAY ere -680 -690 Sov -695 
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DATA FOR DOSAGE FORMS 


1. Ambenonium Chloride 
a) Mytelase tablets 10 mg. 
Weight of 10 tablets = 1.4828 gm. 
Stock solution = 0.0741 gm. of powdered tablet in 
100 ml. water 
Sample volume 


= 3 ml. of stock solution ( theoreri— 
Cally =.e05 OF ma. ) 


Wt... from % 

Abs. Calo Guinviel (mg. ) Recovery Ave. Stand Dev 
29.0 E530 LO2 00 100.55 aOR 2 
$205 SANS x0 LOO 33 

OOD ol 530 HOO0.s3 

Sie) £530 LOO T33 

-395D PS S0 100.33 

ete PLS00 100.00 


b) Mytelase Tablets 25 mg. 
Weaght yor 10 \tablets = 2.5063 gm. 
Seockscolution = 0.0501-.gm...powdered tablet in, 100 
Meee Wace. 


Sample volume = 3 ml. stock solution ( theoretically 
~L 50m nig. ) 
Wt. from % 
Abs. Calmaurve (mg. ) Recovery Ave. Stand Dev 
98 Lo 60 104.00 LO2ZE20 =n ee | 
73.90 P1530 LO2.,00 
Pets ee! 5 00 1 00.. 0.0 
eS e550 03.500 
-390 S530 102.00 


are BENZETHONIUM CHLORIDE 
a) Phemerol Chloride solution 1:1,000 
Stock solution = 5 ml. 1:1,000 solution in 100 ml. 


Sample volume = 3 ml. stock solution ( theoretically 
eel eG ee) 
Wie LOn S 
Abs. Cal (Cunvem (mg. ) Recovery Ave. Stand Dev 
-400 .1490 oo ae 98.86 +0.86 
eres) -1485 Gor .0U 
woe - 1460 Spas) 2) 
-400 .1490 ote) Sas) 


-400 . 1490 he) 75) 53 
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b)  Phemerol Tincture 


Stock solution = 10 ml. of tincture ges UOnma 
ande2) mt morethas q.is. oi00) mix 


Sample volume = 3 ml. of stock solution (theoreti- 
Canthyig. bo Ohmes. ) 
Weoarom S 
Abs. Callmecurve »(mg.)) _ Recovery Ave. Stand Dev 
-400 - 1490 SNELS eh) 0.8m 3 3 +0.66 
oo 7147.0 98.00 
-400 - 1490 ON 3B 
A Chet a O97..0:0 
-400 LAO OS 
2398 ~1485 ore Oe) 


Se Ceiy) pyeid ima imeChdoride 
aye Gepacol «so lui tronsrl:25, 000 
suecelm solnieront =* L016 ofa 122%, 000) soln toma vs’. 00min 
Sample volume = 3: ml.. of stock solution ( theoreti- 
Calelvage oO mcg.) 


Wit from % 
Abs. Cait Curve Recovery Ave: Prange ev 
00 Se 235) 5 Shi DIF MN +1.04 
0 -1465 Op losh 
es IA) -1465 O gnc 
ate IMC) -1465 D enOuh 
e718) ~1465 OFF Ou) 


Blanes. 0 00 


b) Cepacol Lozenges 
Weight of 5 lozenges = 10.8543 gm. 
Stock esotution = 2 a5, qmemot tpowilened Uozengerin 
end) capds ey Sivebe lee ; 
Sanples volume: = 3 mil. stock) solutions thcore lie 
Coal LVareau>: mq.) 


Corrected Wt. from S 

Abs. Cal. Curve (mg) Recovery Ave Stand Dev 
eet 7/ eo 60 104.00 LOZe Oo” emibey es! 
OOF 2560 104.00 
aS (0) w..0 1087. 33 
-600 -1540 OAR O77 
a pererG, LAO G9 38. 


Blank abs. = .003 
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4. DEMECARIUM BROMIDE 


Abs. 


2) 
294 
00 


ye 


Abs. 


SSS 
2452 
Sao 
sAS2 
-450 
-460 


Abs. 


-470 
-465 
-480 
-470 
~471 
wal 


ries 


a) 


b) 
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Humorsol.Opthalmic solution 0.253% 


Stockgsolutron== (2 ml Soft (025% solution q.s. 
LO Oss * 
nample volume = 2 ml. of stock solution ( theoreti-— 


cally .100 mg.) 


Wt.« rom % 

Calne vrnve (mg) Recovery Ave Stand Dev 
-1148 114.80 AL EPA See +1.04 
eo 4'6 114.60 
aL l65 165 0 


DOMIPHEN BROMIDE 





Bradosol Lozenges 
Weight.of 5 lozenges = 18.5192 
Seockecouutivon y= 7.4076eqmt vin 100 ml water 


Sample volume = 5 ml. stock solution 
Wes from g 
Ca le Cwevie (mg. Recovery Ave Stand Dev 
~ LAS Cie Sie: 970s 20.95 
- 1450 OOEsOw 
sl455 O92, 010 
ot 50 Doe Ov 
- 1440 962.00 
-1465 Oe gr! 
Bradosol Powder 
Stocky soluciion. = 50: mg.. powder in 100 ml. water 
apd els nouns solution ¢.s. togl0Usml: 
Samplemvyolume = 3: ml% stock solution ( theorerig 


Cala <7 Meal Oming ;) 


Wt. fom S 

Cala Curve (mG .) Recovesy Ave Stand Dev 
25 G0 LOO 200 UO.ORalsc OO 
-1480 SESS ae 
Sa 1:0.25..00 
=O 0 100.00 
ones as . L007. 20 
eels es TOO 0) 
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6-2 ECHOTHIOPHATE ELODIDE 
a) Phospholine Eye drops 3 mg. 
3 COCK ISO Iie On) G10). 0i5e Ing.) /e mia. 
Sample volume = 10 ml. stock solution ( theoreti- 
Caml vagas 01OL moins) 


b) Phospholine Eyedrops 6.25 mg. 
DLOCkmocou ve ron =) 0 20625emq. 7 mi. 
Sample volume = 4 ml. stock solution ( theoreti- 

Camly, * 250 emg) 


c)ePhosphobine Evyedrops 1235 ma. 
Stock ysolution = 0.125%3m¢. mi. 
Sample volume = 2 ml. stock solution ( theoreti- 
Sally a 2oU0emd¢ .) | 





Werrom % 

Abs. Caleecurvelmag-. ) Recovery Ave. 
-459 2379 LG ea NAS at Se 
-430 6a 52 Lie 33 
-400 R215 130.00 13000 
-400 ‘B25 8 05,0, 

-405 75.0 E32 -5:010 134.40 
-420 342 HGS 878) 


ite EDROPHONIUM BROMIDE 
a) Tensilon Injection 


SEocksotutvon y= 5 ml. of injection qg.s. 100 mi. 
ancmeOsamisa On this ssolution d.s. LOO ml. 
Sample volume = 3 ml. of stock solution ( theoreti- 


Can y #8550 mg.) 


Weer om % 
Abs. Cal. .Cuiave Recovery Ave. Stand Dev 
2545 SARs gfe) LO1200 100.738 al ied Wt 
2545 Ag a is: LOL 206 
pee 8) 0 L02.00 
-540 eels U) 1.022000 


-1490 EL Sore) 


anh eye oh) igeana 
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8. HEXOCYCLIUM METHOSULEATE 


Abs. 





352 
eoa2 
woo2 
-340 


as 


a) 


Trial with Phenobarbital Tablets 
Weightgotadl0stablets®=2129608 fom: 

Stock solution = 0.3922 gm. of powdered tablet 
Tomo mi, awater 

Sample volume = 3 ml. of stock solution ( theo- 
Peticawive...5 02mg.) 


WEt from % 

Cals Curve (mag...) Recovery Ave Stand Dev 
~LS2 102,33 102.090 pul hy Oh 
aoe 0d SS 
oL52 LOY .S3 
oL5G 104.00 


Isopropamide Iodine 


a) 


Denpidatabletse > mq 

Weight of 10 tablets = 2.3047 gm. 
meOChesOlution, = 0.2305 gm. an pO0SmIiea@water 
Sample volume = 4 ml. of stock solution 
Absoubancess= 9540711.520, 21520, 62540 
Absorbances do not fall on calibration curve. 


10. METHANTHELINE BROMIDE 


Abs. 


-410 
-410 
-410 
-405 
-402 


_— 


Abs. 


OO 
348 
— 81378) 
-340 
~345 


a) 


a) 


Banthinewhabiets 50 mgs 

Notice ors bOstablet se=- 2 500 gm. 
SlLogkgsolurion,— O2025eqmiGin 100 ime. Gwater 
panipltesvelume = Bm. jos stock solution 
(theoretically .150 mg.) 


We. from S 

Cal. Curve (mg.) Recovery Ave Stand Dev 
ol Jai HLO3 85.3 10 2 oe Ou 
21 5:2 ROSm5s 
Ae EO. Se o's 
SI SIS LOZ. 
£0525 LOie.67 


li. OXYPHENONIUM BROMIDE 


PncLCenywerablets (Seng). 

WeighttoG 10 -tabletss=1079355) gm. 
Stockeselution = 0.0986 sgm. in 100 mie water 
Sample volume = 3 ml. %ofVstock solution. ( theo- 
setcyeste SM! a thel@) ailees)) 


Woe Gem 3 

Cal. Curve (mq. ) Recovery Ave Stand Dev 
pao2 0 O13 LOL. 07 sath dl) 
malay) 100.66 
NS WAe) | Loi 33 
21475 Ssh (66) 
eS She holewy | 
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coe surg eat (TORE 
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wa puowanryxo tf 

ca ; 4, neastA “ts wet 

: ip G2SP .'() PY £1ie8 ta Ip iew | 
see. ict UCL ifs im 200.0 tnoy Juvboa #2Qte 
Difpeiwcee Hoole to .in t = anuloyoms 2 
. (. oe G21, ylieosses 








iis , 
7 ner eet? a 


Abs. 


{Sey8) 
~342 
IS 
2345 
348 


12% 


Anerenyietablets 10 mg’. 

Wevoneron T0Ptablets saal.8644 om. 

Stock solution = 0.0932 gm. of powdered 
Pre LO0 eink 

sample volume =nh3 «mli.lof istock ssolution 
Betti cal bys st0 sng. ) 


We. erom S 

Cal. }Curve (mg. ) Recovery Ave 
Sw) i RO RaRse NS) 100.47 
~ 1480 OB. 67 
bel fa¥C 1) 102. 06 
~1495 99.67 
1s aL 100.67 


PENTHIENATE BROMIDE 


a) 


Abs. 


.425 
1425 
.420 
428 
2425 


b) 


Abs. 


-410 
-402 
-410 
«AZ 


Monodral Bromide Tablets 5 mg. 
Wetqiesom lOstabtets = 2.2257 gm. 

Stock solution = 0.2226 gm. of powdered 
in 100 ml. water 

Sample volume = 3 ml. of stock solution 
BezrcaLiv 5,0 me. ) eat 


We. from S 

Cal. Curve (mg...) Recovery Ave 
Lb5 30 £027.09 BOOZ. OG 
=1530 1O2 60 
~LSP5 FEOL.00 
31550 EOS os 
ais silo! L022. 00 


Monodire Dab xir 


93 


tablet 


( theo- 


Stand Dev 


sod bes Se 


tablet 


(theo- 


Stand Dev 


20.35 


HeOcemoomieronea MO ym elixingg.s. LOO ml. 
Sample volume = 3. ml. stock solution ( theoreti- 


Galy 2L50emgs) 


Wieeosom % 

Cal Curve (mg. ) RECOVeLY Ave 
1480 98.67 98.44 
who 9.00 
-1480 98.67 


-1485 99..00 


Stand Dev 


20 290) 
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Lunes . 
+ 4-9 hater jig het 
a aa Pa 14% fsagr . 
ja HO VE 

>, {tee 
[494902 
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-  PENTOLINIUM TARTRATE 


1 


a) 


TNS 


~455 
461 
~463 
-460 
~465 
-465 


Abs® 


460 
.470 
~475 
467 
~465 


b) 


Ansolysen tablets 40 mg. 

Wergntsor U0? tablets: = .0. 8120 gm. 

SCOCk solution = 021015 om. Sn 100°ml A water 
and 10 ml. of this solution Cn Srer O00 site, 


Sample volume = 3 ml. stock solution ( theoreti- 
Can yer 50 emg) 


WC oom S 

Cal. Curve(mg.) Recovery Ave Stand Dev 
L500 100.00 TOM) 2) +0.74 
520 OLS es 
= IS ae LOM GIS) 7) 
< ABSZH®) eee S) 
ets 0 O20 0 
lO 102.00 

Ansolysen Injection 

JCOCmoOumc tole oO emL Of Injection q.s. to 

Pxi 8) italian 

veniprer volume = 1S mii stock solution ( theo— 


Pema yee 00m) 


AN tremetot Oint % 
Cal Curnvei(mag.) RECOVELY: Ave Stand Dev 
AN SPA Odes 102.30 aes a) 
= See) OS. 67 
ele 97 0 104.67 
e535 O27 33 
iD 30 O22 .0.0 


14. PIPENZOLATE BROMIDE 


Abs. 


m2 0 
av ie 
e270 
ayia F 
eae 


a) 


Pipta tab vetss,amgq,. 

Weight of 0) tablets! =—1.1780 gm. 

Jeock solution. — OQ.div38ogm. an LOO mic water 
Sample volume = 3 ml. of stock solution ( theo- 
peticadia? 25 monks) 


Wes from 3 

Calg Curve (mc 2) Recovery Ave Stand Dev 
mee 96.80 95.84 edb oooi 
lea 9630.0 
Zi 96.80 
ad WRG: 94.40 


AE Ts 94.40 
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15.  PROPANTHELINE BROMIDE 


Abs 


-458 
-458 
-458 
-448 
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a)  Pro-Banthine Tablets 7.5 mg. . 
Weighiton.) Otabletse=1 0.7665 gm. 
stock solution = 50 mg. of powdered tablet in 
170 Omen 
Sample volume =3ml. of stock solution ( theo- 
Beticalivs 21460emg.) 
Wirt Om oa Corrected* Stand 
Cal Curve (mg) Recovery Recovery Ave Dev. 
e330 94.01 ee 2 S6L 89.7 2 le03 
Bai hey 0) 94.01 96 aoe. 
71330 OA 9.65192 
350 CSG 94.81 


*Corrected Recovery - correction for purity of reference 
compound. 


Abs 


-470 
p70 
-480 
-480 
~485 


Abs 


~485 
481 
64/7 
-480 





Dae Pro-Pantivine) tablets 25 mag. 
Weightaot LOCtablets) = (07-7445 qm. 
pLOCKESOMUut1On = 25 mg. of powdered tablet in 
100 ml. water 
Wi a rasan S Cornected Stand 
Cal. Curve (mg) Recovery Recovery Ave Dev. 
e415 a) os Es: 100. a6 DOJ6s6 Saec les ac 
2415 Ope 5 LO O16 
~1445 O ORs RO 2) 
~1445 whe} Si LOZe29 
.1460 100.34 uUS hes) 
C)Prro-Bantnine tablets 30 mg. 
Weight of h0Nitablecs = 6s21430m. 
Stock solution = 0.1036 gm. of powdered tablet 
in 100 ml. water 
Sample volume = 3 ml. of stock solution ( theo- 
Betican Ivers) 506m) 
Wes eerom % Corrected* Stand 
Cal Curve (mg) Recovery Recovery _ AV © Dev, 
-1460 MTL ce SHS EO. O25 0 OFS Guer O ee aL 
-1450 IS (eV IS) 5 all 
~1435 HS) 5 (OE 98.54 


~1445 OGrtoS epee 
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d)SePro-Banthi ers injection 


1)* Stock solution = 28.2 mg. of: injection in 100 ml. 
water. 10 ml. of this solution q.s. 100 ml. 
Sample volume = 5 ml. of stock solution 
ii) Stock solution = 29.4 mg. of injection in 100 ml. 
Wile ea Omstiic solution ¢.s., 100 ml, 
sample volume = 5 ml. of stock solution 
Weert rome Theorecica! 3 Corrected* Stand 
Abs HCalmCurve” Weight Recovery Recovery Ave Dev 
-470 42 ~141 100.70 JB 1 1037 1eee One 
~495 -148 ~ La 100;..68 03 e910 


7495 .148 Adee I) EO ORG © AO Kets 7/8) 


16. PYRIDOSTIOMINE BROMIDE 

a) Mestinon Tablets 60 mg. 
WetgitworetOctabletgs=—3.5319. gm. 
DEGeKecolLuLions= 052930 qm ainil00imml. water 
Sit Ue On vuitemsolution G.s. 100 ml. 
sanple volume =isaemlavort stock solution { theoreti- 
Exe TEIN mc a SOP Aint AND) 





Wee .rom S 
Abs Gal Gurye (map.,) Recovery Ave Stand Dev 
340 -1460 OF 3 3 SPs he) 20636 
2542 -1465 or 6 
-345 eLa75 Chel a 6 
342 ~1465 97206 
344 -1470 93,200 


17. TRIMETHIDINIUM METHOSULFATE 
EOS ecneinmtabletrs 20 ma. 
Wendiesore!O=tablets = 1.5906 gm. 
SLOCcKesoUlione=m0.0398nqm- Of pawdered tabletmin 
100 ml. water 
Sample volume = 
Ce yaw 0 ninGea) 





siomharonestock solution: ( theoreer— 


Wt. from S 
Abs CaleeCurve Recovery Ave. Stand Dev 
-470 al 88.00 S160 +2.04 
~472 ANS EONS eee ee) 
-450 72.00 84.00 
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DATA FOR ANALYSIS OF DOSAGE FORMS BY COMPARATIVE METHODS 


Meee nermerole solution. 1,000 


Procedure. — N.F Xil p. 50 
SOeiewOmee  COOmsolution (theoretically 50 mg. of 
benzethonium) was titrated with 0.02 M. sodium 


tetraphenylboron. 

inte =mOocO2) M. codium Tetraphenylboron = 8.962 mg. 

S70 mi. = >i. 08 mg. =FL02.163 

SoD oemt. = 49.74 mg. = 99.48% 

Peet ese Oo mg. = 02. 16% 

Zee bracosol, Powder 

Procedure - non-aqueous titration procedure employed 
in analysis of pure material. 

WenieeormOn0SoIN. —s 55.27 mg. of domiphen 

2ecoumi = 90 nolemg. = 99.815 

Peon ee = O96 ks mg. 99.81% 

Zoom oma Oo emg .. = 999815 

Ave = 99.81% 


3. Monodral Tablets 5 mg. 


PVOCeCAULee Nit sl le pem2.o 2 

Rips mROtusSeencdarom 20eineg. /mis). = .373 

Abs. of sample Roles: 20.64 mcg. = 
5 Shih) 203 2°0CG. i= 
A creel 20.42 mcg. = 

LO2% 4 


tl WH tu th 


= i ih th 


S 


Ave 
APeeevensiton wn 7eCcuLon 


Procedures -muUsoel. AViE p.220 

Nosema Otesctcandacd  (500mcg./mi-) = 540 
Abs. of sample = .548 101.482 

2545 100.933 

eral) OGawZos 
OOF 


Wa 


Hou il 


Ave 
5. Mestinon Tablets 60 mg. 


Procedures 15... 1968 pr 851 

Abs. of theoretical 0.0030% solution (E) = .540 
Ls 

E ; cab ey litaile 
LeeCiie 
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Ave = 
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